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ENDOVASCULAR AND SURGICAL TECHNIQUES 
Endovascular Remote Endarterectomy in Femoropopliteal 
Occlusive Disease: One-year Clinical Experience with the Ring Strip 
Cutter Device* 
G. H. Ho t l ,  F. L. MolP,  P. Ph. A. Hedeman Joosten ~, H. D. W. M. van de Pavoordt ~, 
J. C. van den Berg 2 and T. Th. C. Overtoom 2 
Departments of 1Vascular Surgery and 2Interventional Radiology, St. Antonius Hospital, Nieuwegein, The 
Netherlands. 
Objectives: One-year clinical outcome of a new endovascular t eatment for long segmental rterial occlusive disease using 
a ring strip cutter (RSC) to minimise surgical exposure. 
Design: Prospective, open study. 
Materials: Thirty-eight consecutive RSC procedures in 36 consecutive patients with lengthy occlusive (34) or multiple 
stenotic (4)femoropopliteal lesions were performed. Indications for operation were disabling claudication in 25 (66%), rest 
pain in 3 (8%), and gangrene in 10 (26%) patients. 
Methods: A newly developed endovascular ring strip cutter device was used to perform a remote ndarterectomy through 
a single groin incision. Clinical data were analysed based on intention-to-treat. 
Results: Initial angiographic, clinical and haemodynamic success was achieved in all 38 (100%) limbs. Mean ankle- 
brachial index increased significantly from 0.62 +_ 0.14 to 1.02 + 0.14 postoperatively (p = 0.01). Four failures have 
occurred during follow-up. After one-year experience the cumulative (assisted) primary and secondary pa/tency rates are 
80% and 85% respectively. Duplex surveillance has detected progressive recurrent stenoses in 10 case~ 
Conclusions: Remote ndarterectomy of long segmental femoropopliteal occlusive disease through a single groin incision 
with the Ring Strip Cutter device is a safe and effective procedure. The early patency rates are good. Further long-term 
results are needed to evaluate this technique. 
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Introduction 
The concept of endovascular surgery is appealing to 
many a vascular surgeon. 1'2 Limiting surgical expo- 
sure could reduce morbidity and mortality and would 
therefore be costsaving, particularly in those patients 
with a high operative risk to their co-morbidity. 
Endovascular recanalisation of most arteries is now 
possible no matter how long, complex, calcified or 
severely diseased they are. The problem of restenosis, 
however, has limited the efficacy and widespread 
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application of some endovascular techniques. B-7 Some 
investigators have looked at endovascular g afting in 
arterial occlusive disease to resurface the arterial 
lumen to overcome the problem of restenosis. 8-1° 
Since the early seventies, venous bypass has been 
considered the treatment of choice for long segmental 
femoropopliteal occlusive lesions. However, accept- 
able long-term results of semi-closed endarterectomy 
have recently been reported, comparable to venous 
bypass. 11-14 
The technique of endarterectomy using a loop ring 
stripper, initially described by Dos Santos, inspired us 
to look at less invasive ndarterectomy techniques, i  A 
new endovascular tool, a ring strip cutter (RSC), has 
been developed to perform a remote ndarterectomy 
through a single arteriotomy. The RSC is substantially 
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equivalent to a ring stripper, but it has a double ring 
cutting mechanism that enables the surgeon to cut the 
distal intima core endoluminally. The endovascular 
remote endarterectomy has not been performed else- 
where and we present 1 years experience and report 
our immediate and early results of this technique on 
an intention-to-treat basis. 
Patients and Methods 
From March 1994 to February 1995, 38 consecutive 
RSC procedures were performed. This study was 
approved by our Institutional Review Board and 
informed consent was obtained from all patients. 
Demographic data and risk factors for atherosclerosis 
were collected. Preoperative assessment included 
measurement of Doppler ankle-brachial blood pres- 
sure index (ABI), treadmill tests and arteriography for 
the evaluation of the femoropopliteal lesions (sten- 
osis/occlusions less or more than half of the SFA) and 
scoring of the run-off vessels (good 2-3/poor 0-1). 
Aortoiliac inflow vessels were evaluated either by 
angiography and/or Duplex scanning. 
Inclusion criteria were (1) critical ischaemia or 
disabling claudication ot responding to conservative 
treatment for at least 6 months; (2) long segmental SFA 
occlusion or multiple stenoses not suitable for PTA 
and (3) normal angiographic reconstitution of the 
supragenicular popliteal artery with at least one crural 
run-off vessel. Patients with previously failed radi- 
ological or surgical intervention of the ipsilateral 
femoropopliteal segment were included in this 
study. 
All procedures were performed under general 
anesthesia at the vascular surgical suite by a vascular 
surgeon in close collaboration with an interventional 
radiologist. The operating room was equipped with a 
movable radiolucent surgical table combined with a 
digital angiographic system using a ceiling-suspended 
C-arm (OPC-9 and DSI, Philips Medical Systems, The 
Netherlands). Postoperative histological investigation 
was used to establish the cleavage plane of the remote 
endarterectomy. All patients were put on coumadine 
regimen one day prior to surgery and this was 
continued for a minimum of 6 months. 
ter TM, AneuRx, Inc., Cupertino, CA, U.S.A.). The ring 
strip cutters are available with different diameters 
cutting loop at the distal end ranging from 4 to 12 mm. 
The technique of the RSC procedure has been 
described previously. 16 This can be summarised as 
follows. A small cut down at the groin is made. 
Standard techniques are then used to commence a
semi-closed endarterectomy of the proximal super- 
ficial femoral artery (SFA). After threading the intima 
core through a conventional properly sized ring 
stripper, the ring stripper is advanced ownward in 
the SFA under fluoroscopic guidance with a gentle, 
slow rotatory motion as forward pressure is carefully 
supplied. It is advanced distally, along the natural 
cleavage plane at the lamina elastica externa until it 
has passed the occluded segment at the distal SFA. 
Then the ring stripper is removed and a suitable ring 
strip cutter is passed down along the same cleavage 
plane until the same level is reached. The cutting rings 
are then activated single-handed with the proximal 
handle and the distal intima core is transected and 
removed (Fig. 1). The distal endpoint is crossed using 
Technique ofRSC procedure 
Originall~ this study was started with a prototype 
ring strip cutter, which has been replaced by a 
modified disposable ring strip cutter (Mollring Cut- 
Fig. 1. Radiological imaging of a ring strip cutter at the distal SFA. 
The dual-ring mechanism is activated and has transected the distal 
intima core endoluminally. 
Eur J Vasc Endovasc Surg Vol 12, July 1996 
Remote Endarterectomy 107 
steerable hydrophilic angled or straight guidewires 
ranging from 0.020 to 0.035 inches (Terumo, Tokyo, 
Japan, or Schneider, Zurich, Switzerland) (Fig. 2). To 
prevent any further dissection after restoring blood- 
flow, a short balloon-expandable Palmaz stent (John- 
son and Johnson Interventional Systems, Warren, NJ) 
is inserted over the wire. The stent is deployed at the 
distal overpass to tack down the distal intima edge 
(Fig. 3), covering both the endarterectomised surface 
and proximal part of the artery that is not 
endarterectomised. 
Follow-up 
Patients were investigated with colour flow Duplex 
scanning (HP Sonos 2000, Hewlett Packard Company, 
Imaging Systems Division, Andover, MA, U.S.A.) at 1 
week, 6 weeks and 3 months following the RSC 
procedure and then at 3 month intervals for the first 
year. The degree of recurrent restenosis was classified 
according to previously validated criteria from our 
institution as published by Legemate et al. 17 Local 
increase of peak systolic velocity (PSV) at the site of 
stenosis (PSV-max) was compared with the peak 
systolic velocity of a nearby normal arterial segment 
(PSV-normal). A femoropopliteal PSV-ratio (PSV- 
max/PSV-normal) > 2.5 was considered a 50% diame- 
ter reduction (DR) or more and an end diastolic 
velocity (EDV) >60cm/s was equivalent o a 75% 
diameter reduction r more. Clinical and haemody- 
namic sustained improvements were evaluated by 
recurrent symptoms and ankle-brachial blood pres- 
sure index measurements at every follow-up visit. 
Definitions, study endpoints and statistical methods 
Procedures were analysed on an intention-to-treat 
basis. Primary end-point was any reocclusion, radi- 
ological or surgical interventions prior to occlusion, 
limb salvage, or death. Failure to establish antegrade 
Fig. 2. Road mapping after cutting and removal of the endarter- 
ectomy specimen. The SFA is completely recanalised in continuity 
with the patent popliteal rtery. 
Fig. 3. Control angiogram shows a widely patent remote ndarter- 
ectomised femoropopliteal segment after stent deployment. 
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flow within the treated SFA with the RSC procedure, 
or any bypass procedure would be regarded as a 
primary failure. An additional secondary incision at 
the distal SFA was not considered as a failure, but was 
registered as a conversion. Secondary end-points were 
recurrent asymptomatic haemodynamic significant 
stenosis, detected by Duplex scanning or 
angiography. 
Immediate technical success and early and 
intermediate clinical and haemodynamic success were 
analysed according to the guidelines provided by the 
Society of Vascular Surgery and the International 
Society for Cardiovascular Surgery. ~s'~9 Technical suc- 
cess was defined as any recanalisation of occlusive 
lesions or residual stenosis less than 20% (DR) for 
stenotic lesions treated on completion angiography. 
Clinical and haemodynamic success was defined as an 
improvement of the clinical category by one level or 
the limb status by at least one point and rise of ABI 
> 0.10 after the procedure. 
Cumulative (assisted) primary and secondary 
patency rates were calculated using the life-table 
method, according to the suggested standards for 
reports dealing with lower extremity ischaemia. ~8 
Patency calculations were based on the number of 
procedures performed, not the number of patients. 
Difference of mean ABI pre- and post-procedure were 
compared using the Student t-test. The limit of 
statistical significance was set at p = 0.05 (two-sided). 
The minimum follow up was 2 months, the maximum 
14 months. 
Results 
Patient and procedure details 
Thirty-eight consecutive limbs in 36 patients under- 
went remote endarterectomy procedures, using a ring 
strip cutter. The median (range) age was 69 (54-84 
years), 23 patients were male. Risk factors for athero- 
sclerosis included: smoking 26 pts (68%); diabetes 6
pts (16%); hypercholesterolaemia 8 pts (21%) and 
hypertension 31 pts (82%). Associated symptomatic 
coronary disease was present in 14 (37%) patients and 
cerebrovascular disease in 7 pts (18%). Indications for 
operation were (SVS/ISCVS-NA criteria) disabling 
claudication in 25 pts (66%), rest pain in 3 pts (8%), 
and gangrene in 10 (26%) patients. Femoropopliteal 
lesions consisted of lengthy occlusions in 34 limbs 
(89%) or multiple stenoses in 4 limbs (11%). In 27/34 
(79%) cases the SFA was occluded throughout most of 
its length, whereas the remaining seven cases com- 
prised occlusions for less than half its length with 
visible collaterals. Seven patients had a medical 
history of previous vascular intervention(s) within the 
ipsilateral femoropopliteal segment. Two patients had 
an aortobifemoral bypass; two patients had an 
occluded femoropopliteal bypass; two patients had a 
(laser-assisted) PTA, and one patient had a femoral 
profundaplasty. The runoff was considered good (2-3) 
in 27 (71%) cases, and poor (0-1) in 11 (29%) cases. 
Thirty-eight balloon-expandable Palmaz stents 
(P154, P204, P294, P394) were used. Thirty-three limbs 
had one stent implantation. Two limbs had a second 
stent insertion to prevent dissection. One limb had a 
second SFA stent deployed at the distal anastomosis of
a previously occluded PTFE femoropopliteal bypass. 
Two limbs had no stent insertion. In these two patients 
the intima was secured with tacking sutures. Angio- 
scopy was performed several times to assist guidewire 
insertion and visualised proper stent deployment. 
Usually the endarterectomy was extended into the 
common femoral artery to ensure good inflow. Loose 
intima flaps or debris were removed from the endar- 
terectomised segment with a Fogarty Graft Throm- 
bectomy catheter (Baxter Health Corp, Irvine, CA, 
U.S.A.). Completion angiography was routinely made, 
before closure of the arteriotomy with an adjunct 
patch angioplasty. 
Mean length (range) of the endarterectomised seg- 
ment was 31.7 cm (19-41 cm). The intima core was 
usually completely removed in one piece (Fig. 4) The 
median operation time (skin-to-skin) was 120 + 35 
min. There seemed to be a learning curve, showing 
that later cases were operated faster than the earlier 
ones. 
Histology studies of the removed intima core clearly 
showed proliferation of the intima, internal elastic 
membrane and external elastic membrane of the 
Fig. 4. Twenty-eight centimetres l ngth endarterectomy core after 
removing from the SFA with the remote endarterectomy 
technique. 
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media. The cleavage plane was usually established at 
the lamina elastica externa (Fig. 5). 
Technical nd early clinical and haemodynamic su cess 
Initial technical, clinical and haemodynamic success 
~ RJ  
was achieved in a1138 (100%) limbs. Insertion of the 
RSC device, cutting the intima core at the distal 
endpoint and removal of the core was possible in all 
38 cases (no technical failures). In one patient, only 
partial endarterectomy of a 19 cm calcified intima core 
was performed. Although restoration of SFA lumen 
size was achieved, attempts to remove an additional 
stenosed segment distally necessitated major forces 
and was considered too high a risk of perforation. The 
remaining stenosis at the distal part of Hunters canal 
was subsequently treated with balloon angioplasty. 
There were two intraoperative conversions needing 
a second distal supragenicular incision. One proce- 
dure was complicated by a defective ring that broke 
off. Attempts to retrieve this ring endoluminally 
resulted in a distal arterial wall perforation. The other 
case was a distal perforation with a conventional ring 
stripper. Both lesions were subsequently treated with 
a short PTFE interposition graft. Broken rings 
occurred in two other cases and were removed 
endoluminally without difficulty. 
No early thromboses, econdary bypasses or ampu- 
tations were recorded. One patient died 2 months 
postoperativel~ due to respiratory failure. Mean 
ankle-brachial index increased significantly from 0.62 
+ 0.14 to 1.02 + 0.14 postoperatively (Student -test; 
p = 0.01). Early postoperative complications consisted 
of haematomas in two cases, lymph fistula in one case, 
and wound infections in two cases. 
Fig. 5. Microscopic cross-section of endarterectomy core (12 × 10, 
Verhoeff staining), EEM = External elastic membrane, M = Media, 
IEM = Internal elastic membrane, IP = Intima proliferation, 
T = Thrombus, L = lumen. 
Table 1. Life-table analysis for assisted primary patency rates after I years clinical experience of 
endarterectomy 
Patency during follow-up 
Follow-up was updated to May 31st 1995 with a 
median follow-up of 7 months. After i year experience 
the cumulative (assisted) primary and secondary 
patency rates are 80% and 85% respectively. The 
assisted primary and secondary patency .rates are 
shown in life-table format in Tables 1 and 2. Four 
occlusions have occurred after 2, 6, 7 and 8 months. 
One early reocclusion after 2 months interval was a 
55-year-old woman, who had undergone four surgical 
femoropopliteal interventions previously. She was 
38 ring strip cutter assisted SFA remote 
Interval Loss to 
(months) No at risk Failed Duration follow-up Death 
Interval Cumulative Standard 
patency rate patency (%) error (%) 
0-1 38 0 0 0 0 
1-3 38 1 0 0 1 
3-6 36 0 12 0 0 
6-9 24 3 14 0 0 
9-12 7 0 5 0 0 
1.00 100.00 0.00 
0.97 100.00 0.00 
1.00 97.33 2.65 
0.82 97.33 3.24 
1.00 80.16 13.50 
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Table 2. Life-table anaiysis for secondary patency rates after 1 years clinical experience of 38 ring strip cutter assisted SFA remote 
endarterectomy ~" 
Interval Loss to Interval Cumulative Standard 
(months) No at risk Failed Duration follow-up Death patency rate patency (%) error (%) 
0-1 38 0 0 0 0 1.00 100.00 0.00 
1-3 38 1 0 0 1 0.97 100.00 0.00 
3-6 36 0 13 0 0 1.00 97.33 2.65 
6-9 23 2 14 0 0 0.88 97.33 3.31 
9-12 7 1 5 0 0 0.78 85.17 12.40 
included in this study with a symptomatic PTFE 
femoropopliteal bypass occlusion. Angiography 2 
weeks before failure did not show any significant 
abnormalities. The second occlusion was preceded by 
a haemodynamic stenosis beyond the endarterecto- 
mised segment at 6 weeks follow-up. At her next 
follow-up there was a 7 cm occlusion at the proximal 
site of the SFA. This segment was successfully recan- 
alised, combined with distal popliteal PTA, but re- 
occluded again at the midportion of the SFA after 11 
months follow-up. The other two failures were asymp- 
tomatic and were noticed by Duplex surveillance. One 
occlusion was located distal to the endarterectomised 
segment. This heavily calcified segment was not 
recanalised with a ring strip cutter as described above. 
Duplex scanning now showed a stenosis at the 
proximal SFA and a short 2.6 cm occlusion distal from 
the stent. The SFA at Hunters canal was irregular but 
still patent. The other failure was located at the 
proximal and midportion of the SFA. The PSV ratio's 
were 2.6 and 2.3 at their last follow-up. 
Duplex surveillance has detected recurrent stenoses 
with PSV ratio > 2.5 in another 13 cases: four stenoses 
at one week, two stenoses at 6 weeks, two stenoses at 
3 months, one stenoses at 5 months, one stenosis at 6 
months, and two stenoses at 7 months. In three cases 
PSV ratio's returned to normal at the next follow-up. 
Two patients underwent correction of their sympto- 
matic recurrent stenoses after 6 and 7 months respec- 
tively and both are still patent at 9 months follow-up. 
Recurrent stenoses were mostly located at the prox- 
imal and mid-third portion of the SFA. 
Discussion 
The ring strip cutter device enables the surgeon to 
perform a remote endarterectomy of virtually any 
major occluded artery. This study showed that remote 
endarterectomy of long occlusive superficial femoral 
arteries is safe and effective. The operation has become 
minimal invasivelN with less surgical exposure 
needed than for semi-closed endarterectomy or any 
bypass procedure. Availability of venous conduits are 
irrelevant. Occlusions of the entire SFA, commencing 
at the origin has never been a problem to complete our 
technique. 
We did experience more difficulty passing the ring 
stripper beyond very calcified segments. Van der 
Heijden et al. reported a 11% intraoperative failure rate 
in a large series of 259 semi-closed endarterectomies of 
the SFA. 11 Most studies often omit their initial failures 
or do not mention them. This prospective study was 
analysed based on intention-to-treat. Therefore, the 
absence of technical failure in our study contrasts even 
more highly to the number of initial failures up to 26% 
for percutaneous transluminal angioplasty (PTA) in 
similar long occlusive lesions. 2°'21 Some authors have 
described subintimal angioplasty or percutaneous 
intentional extraluminal recanalisation (PIER) tech- 
nique with fairly good early patency results, but long 
term patency results have not been published yet. ~2'23 
The results of atherectomy and laser-assisted balloon 
angioplasty have not contributed to better patency 
rates in these kind of lesions. 
Our feasibility study included some patients with 
previous balloon angioplasty or even occluded 
femoropopliteal bypass. To our surprise, we were able 
to complete the RSC procedure in these patients 
without any problem and recanalised their native 
artery. 
Another striking finding was the histologic leavage 
plane of the remote endarterectomy. Some intima 
cores had a macroscopic smooth outer surface, while 
other atheroma cores were irregular and calcified. 
Irrespective of the surface irregularity, the lamina 
elastica externa was often intact and circumferential at 
histologic examination. This was not expected, as we 
thought he cleavage plane would be found between 
the inner and outer lamina elastica. 
Different sizes of ring strippers were sometimes 
needed, when there was difficulty to pass the strippers 
beyond the occluded segment. The intima core was 
usually extracted from the SFA in one piece. When 
patency was not yet established into the proximal 
popliteal artery after removing the intima core, a ring 
strip cutter was reinserted to endarterectomise an 
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additional segment successfully. Distal emboli or 
acute thrombosis were not encountered in our study. 
The issue of broken rings at the beginning of our 
study, resulting in a conversion, was not encountered 
after some refinements were made to the device. The 
technique of developing a cleavage plane along the 
lamina elastica externa t the beginning of the opera- 
tion needs great care. This should be done meticu- 
lously to minimise any incomplete ndarterectomy. 
Nevertheless, the use of a Graft Thrombectomy 
catheter often removed some intimal flaps from the 
endarterectomised segment after the RSC procedure. 
The fixation of the distal intima edge with a stent is 
also essential. We have used short balloon-expandable 
Palmaz stents to prevent any further dissection, when 
the antegrade bloodflow is restored. Before deploy- 
ment of the stent, a guidewire needs to pass the distal 
endpoint. This is usually performed by the inter- 
ventional radiologist under fluoroscopic guidance. 
The use of stents in the SFA may enhance neointimal 
hyperplasia or induce early thrombosis. 23However, 
Palmaz stents seem to have better patency rates in 
comparison to other stents. 24"25 We do not stent to 
prevent postangioplasty elastic recoil or treat any 
residual stenosis. We merely use the stent o secure the 
distal intima at the edge of endarterectomised to non- 
endarterectomised segment in a normal part of the 
artery and to achieve a smooth distal overpass. To 
date, we have noticed only three stenoses at this site, 
without any subsequent occlusion within the stent. 
Most restenoses have been observed at the proximal 
and midportion of the endarterectomised SFA. As the 
endarterectomy usually extends more than 20-30 cm, 
there may be an increased risk of developing reste- 
nosis. In the late sixties and early seventies, surveil- 
lance programs were less sensitive and may explain 
why semi-closed endarterectomy was abandoned in 
favour of venous bypass procedures. We now have the 
possibility of detecting recurrent asymptomatic 
stenosis at an early stage. Early correction of these 
non-symptomatic haemodynamic stenosis could fur- 
ther improve long-term remote endarterectomy 
results. Duplex surveillance seems to be the most 
effective, non-invasive, and reliable technique to 
detect such lesions at a preocclusive phase, and better 
than ABI measurements. 26'27 To date, the incidence 
and development of recurrent stenosis after endarter- 
ectomy using Duplex scanning has not been 
described. The remote endarterectomy procedure can 
also be performed in iliac and popliteal arteries. Both 
procedures have already been successfully performed 
at our institution from a retrograde approach, but 
these will not be discussed here. 
Remote endarterectomy using a ring strip cutter 
may alternatively be used to resurface the recanalised 
arterial segment. Cell-seeding of the SFA or trans- 
luminal placed endovascular grafts (TPEG) might 
become the next step in endovascular surgery to 
overcome the problem of neointimal hyperplasia. 
These developments are still at their infancy but their 
objectives to improve long term patency rates are 
clean 
Another advantage of this new technique is the 
maintenance of any other treatment option for 
femoropopliteal occlusive disease, if the procedure is 
not possible or fails. Although long term patency 
results of this technique are not yet available and the 
described study group has a limited number of 
patients, remote endarterectomy is a novel technique 
of recanalising long occlusive superficial femoral 
artery disease. Instead of a "bypass", the first treat- 
ment of choice might just be to "pass" arterial 
occlusions using minimally invasive techniques. 
Conclusion 
Remote endarterectomy through a single groin inci- 
sion with the Ring Strip cutter device is minimal 
invasive. The procedure is effective in recanalising 
long segmental femoropopliteal occlusive disease. The 
initial results at 1 years clinical experience are very 
encouraging, but the development of recurrent 
stenosis may still lead to future failure. All other 
options for conventional bypass procedures remain 
available. Further long-term results are needed to 
evaluate the true merits of this technique. 
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